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Inh·oductioo
Wire bonding is the most widely used in chip-scale interconnection technology in microelectronics packaging. Au ball-wedge bond is the most widely used in wire bonding industry due to its high bondability and acceptable reliability. However in some cases, alternative wires are preferred due to the high cost of Au.
Cu wire costs less than Au, but readily oxidizes in air and requires shielding gas in free air ball (FAB) formation. Moreover, the high hardness of Cu FAB causes more Al pad splashing and higher chance of cratering.
With its lower cost than Au as well as its higher resistance to oxidation and lower hardness than Cu, the poor reliability of Ag with Al metallization can prevent Ag from being a suitable alternative to Au. Recent studies hav e found that alloying Ag with Pd and/or Au can result in improved ball bond reliability on Al metallization. The presence of Pd at the bond interface proves to be beneficial for reliability 1.!:21
Rui Guo et al. lll studied ball bond interface of Ag8Au-3Pd wire and Al metallization. Two intermetallic regions at the interface were identified as AuA1 2 + (Au, Ag) 4 Al and Ag 2 Al, respectively. The enthalpy of formation of Au aluminides is about one order of magnitude lower than Ag aluminides, which means that Au aluminides are easier to form than Ag aluminides fil In a thermal aging test of a ball bond on Al pad, the IMC layer grows faster by about 3 times for a pure Au than for a Au-30Ag alloy J1]. The main IMC relevant failme of Au ball bond on Al is conunonly due to Kirkendall voids or the brittleness of the Au-Al IMCs [3] .
Jong-Soo Cho et al. Ifl. showed that the higher content of Pd in Ag wire, the slower the ball bond interface degrades on Al metallization in a pressure cooker test. In a 12 h pressw·e cooker test, a crack as well as an alumina layer are observed between Ag and Al, without any observation of Ag-Al IMCs. Such crack and alumina layer are not observed with Ag-3Pd wire with the same test condition ill· Yi-Wei Tseng et al. ill have shown that wire annealing at 275 °C prior to bonding helps reduce the IMC growth rate at the ball bond interface of Ag-2Pd on Al pad.
Although Ag alloy wire has better reliability than Ag wire, it has substantially lower electrical conductivity than pme Ag, and is more expensive to produc. e. Moreover, the Ag alloy wire FAB can be defective when the ball size is too small. For example, for a 95 % Ag alloy While the reliability improvement due to the alloying of Ag w ire bonds has been investigated in some detail, the know ledge about the reliability of PCS wire is limited. In this study w e investigate the reliability of PCS wire under high temperature storage (HTS) .
Experimental
The wire used in this study is an 18 ~tm direct Pd coated Ag (PCS) wire from Microbonds Inc., Markham, Canada. The coating thickness is measured to be 90-120 lllll with a field emission scanning electron microscope (FESEM). Accordingly, the calculated overall content of Pd is 1.1 3-1.5 1 wt.%, and is 62-72 % less than the Pd content in a Ag-4Pd wire. A comparison of Pd content in PCS wire and AgPd alloy wire is calculated and shov.rn in Figs. la and b. The thickness of the Al metallization is 1.4-1. 5 µm.
The ball bonds are optimized with the wire bonder and method described in I.!QJ . The target ball bond geometry is shown in Fig. 2 . A cross-section of the target ball diameter at capilla1y imprint (BDC) and bonded ball height (BH) are 32 ± 0 .5 µm and 8 ± 0.5 ~1m. The parameters for electrode flame-off (EFO) and ball bonds are shown in Table 1 . The capilla1y is a commercially available slim bottle neck capillary with a hole diameter 
where SF is the shear force, and BDC = 32 µm.
(1)
The ball bond shear force results are shown in Fig. 5 and increases from an average of 9.9 gf at 96 h to an average of 12.5 gf at 192 h . The average shear force values from the six measurement betw een 192 h and 1008 h range from 12 .0 to 13.2 gf. The change in pull force along the aging test is not as obvious as the change of shear force. The pull force rises to a maximum of 6 gf after 600 h aging, and these samples all broke at the heat affected zone (HAZ) . Most of the pad lift failures coincide with pull force values lower than 5. 4 minus standard deviation is 0 .7 µm, 2.0 ± 0.6 µm, and 3.2 ± 0.2 µm, respectively. The IMC thickness is shov.rn in Fig. 10 for various square root of aging time together with a control plot of Au-Al IMC [!1). The correlation coefficient of the linear fit is 0.998, which indicates that t he IMC growth rate follows a parabo lic relationship [3] :
where x is the thickness of the IMC layer, k is the growth rate constant, and t is the aging time. The growth rate constant k is 0.10 ± 0.02 µm/h 112 , and 1.64 ~un!h [ 14] . Generally the wider composition range of an IMC indicates less brittleness. The composition ranges of the µ -and o-phases are 4 at.% and 8 at.%, respectively, which are both much wider than any Au-Al IM Cs, where the widest composition range is only 1 at.%. According to [l] however, the µ-phase fonns at 250-450 °C. Therefore the main IMC that can form at the interface betv.
•een a Ag ball bond and an Al pad at 170 °C is expected to be the o-phase. The volume change associated with the formation of the o-phase is + 1.3 % [l ] , res ulting in compressive stress inside the IMC layer, in contrast to the situation of a Au wire bond where tv.
•o IMCs can form initially at the interface betv.
•een a Au ball bond and an Al pad, namely Au 8 Al 3 and Au 2 Al [3, 15] . The formation of AugAl3 and Au2Al results in volume change of -2 .3 % and -5 .7 %, respectively [16] , leading to tensile stress inside the IMC layer. [17] [18] [19] [20] [21] 
Conclusions
The1mal aging behavior is studied for fine pitch ball bond made with Pd coated Ag on Al metallization with shear test, pull test, and cross-sectioning. The s hear strength and pull force remains high for up to 2016 h of aging at 170 °C. Cross-sectioning has revealed the evolution of the IMC layer at the ball bond interface. Compared with data available for Au, the IMC thickness grows significantly slower with Ag than with Au, which indicates longer survival in a high temperature environment. Therefore, Pd coated Ag wire is potentially a new altemative to Au wire in the wire bonding industry.
